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A  Bapid  Method  for  the  Determination  of  Iron  in  the 
Presence  of  Titanium,  Aluminium,  and  Silica. 

It  has  been  shown  by  researches  in  this  laboratory! 
that  titaniferous  iron  ores  when  decomposed  by  fusion  with 
potassium  flouride  and  potassium  pyrosulphate ,  can,  after  solu- 
tion in  hydrochloric  acid  and  reduction  with  zinc,  be  titrated 
for  their  titanium  content  with  a  standard  solution  of  ferric 
chloride  using  potassium  sulphocyanate  as  an  indicator.     It  has 
also  been  shown^  that  the  Knecht  -  Eibbert  method  for  the  deter- 
mination of  iron  by  titration  with  a  standard  solution  of  t itan- 
ous  chloride  gives  accurate  results  in  the  presence  of  varying 
quantities  of  titanium  and  aluminium.     It  was  therefore  deemed 
advisable  to  undertake  an  investigation  of  a  method  for  preparing 
a  salution  of  a  silicate  in  which  the  iron  content  might  be 
determined  by  titration  with  a  standard  sulution  of  titanous 
chloride. 

An  approximately  0.1  N  ferric  chlorid  e  sulution  was  pre- 
pared by  dissolving  pure  ferric  oxide  in  hydrochloric  acid.  This 
solution  was  standardized  voluraetrically  by  the  Zimmerman  - 
Reinhardt  method  (using  a  0.1  N  sulution  of  potassium  permanganate 
which  had  been  standardized  in  the  same  way  against  pure  iron  wire) 
and  gravimetrically  Dy  precipitation  with  ammonia,  with  the  follow- 
ing results: 

lj.  Am.  Chem.  Soc,  36(9),  1838-43  (1914). 

^Bachelor  Thesis  of  A.  U,  Ileinzelmann,  U.  of  Illinois,  (1915). 


c.c.  FeClg 

£0.00 
£0.00 
£0.00 


(£)  . 
Volumetric • 
1  c.c.  KMn04  =  0.005809  g.  Fe 
c.c.  KMn04 

£0.04 
£0.02 
£0.03 


1  c.c.  FeClg 

in  terms~of  Fe. 

0.0058£1 

0.005618 

0.005818 


Mean 


0.005819 


c.c.  FeClg 

£0.00 
£0.00 


Gravimetric • 
Wt.  Fe20g 


0.166£ 
0,1661 


1  c.c.  FeClg 

in  terras  of  Fe. 

0.005816 

0.005814 


Mean  0.005815 
Value  taken  as  correct:  1  c.c.  ferric  chloride  equals  0.005817  g. 
of  iron. 

An  approximately  9.1  N  titanous  chloride  solution  was 
prepared  by  diluting  one  volume  of  a  fifteen  percent  commercial 
solution  with  one  volume  of  concentrated  hydrochloric  acid  and 
eight  volumes  of  water.     Since  this  solution  oxidizes  readily  in 
the  air  it  must  be  kept  in  contact  with  an  atmosphere  of  carbon 
dioxide,  and  must  be  titrated  against  the  staiidard  ferric  chloride 
solution  before  each  series  of  analyses. 

As  no  titanium  -  iron  silicate  ore  of  known  composition 
was  at  hand  an    ilmenite  sample  was  prepared  by  grinding  the 
natural  mineral  until  it  would  pass  through  a  one  hundred  mesh 


(3) 

sieve.     The  titanium  content  of  this  ore  was  known  to  he  20. 7£ 
percent.     The  iron  content  was  determined  as  follows: 

An  approximately  0.2  gram  sample  of  the  ore  was  evaporated 
with  hydroflouric  and  sulphuric  acids  in  order  to  expel  the  silica. 
The  residue  was  fused  with  pure  sodium  carbonate,  the  fused  mass 
extracted  with  hot  water,  filtered,  and  the  residue  (consisting 
mainly  of  ferric  oxide  and  sodium  titanate)  dissolved  from  the 
crucible  and  filter  with  dilute  hydrochloric  acid.     To  this  acid 
solution  five  grams  of  tartaric  acid  were  added,  the  solution  was 
made  slightly  alkaline  with  ammonia,  and  then  it  was  saturated 
with  hydrogen  sulphide  gas.     The  ferrous  sulphide  was  filtered  off, 
washed  thoroughly  with  a  five  percent  ammonium  nitrate  solution, 
dissolved  in  dilute  hydrochloric  acid,  oxidized  with  hydrogen 
peroxide,  and  precipitated  by  pouring  the  solution  into  sn  excess 
of  ammonia.     The  ferric  hydroxide  was  filtered  off,  ignited,  end 
weighed  as  ferric  oxide,  from  which  the  percent  of  iron  calculated 
was  as  follows: 

Table  I. 

Sample  Wt.  Fe20g  %  Fe. 

.1891  .1069  39.19 

.1726  .0961  £8.97 

.1882  .1051  £9.06 

Mean  59.07 
A  rutile  ore  of  high  titanium  content  was  prepared  and 
analyzed  as  above  with  the  following  results: 
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Table  II. 

Sample. 

FezO?,                                              %  Fe. 

.1966 

.0105  3.74 

.1568 

.0081  3.62 

•  c.CC)C 

•  ui  j.y                                           «d  •  o  f 

Mean  5.64 

Analysis. 

It 

was  expected 

that  a  fusion  with  potassium  pyrosulphate 

and  potassium 

flouride 

would,  when  dissolved  in  dilute  hydro- 

chloric 

acid , 

give  a 

solution  that  could  be  titrated  directly 

with  titanous 

chloride 

for  its  iron  content.     In  order  to  test 

this  several 

0.1-0.2 

g. 

samples  were  fused  with  portions  of  £.5  g. 

of  the 

pyrosulphate 

and 

0.5  g.  of  the  flouride  in  platinum  cruci- 

hies,  the 

fusions  dissolved  in  dilute  hydrochloric  acid,  and,  if 

no  residue 

remained 

the 

solution  was  titrated  immediately.     If  an 

insoluble 

residue  did  remain  it  was  filtered  off,  fused  again, 

dissolved 

in 

acid,  and 

added  to  the  original  solution.     The  results 

were  as 

follows : 

Table  III. 

Ore  contains 

59.07  % 

»  Fe 

1  c.c.  TiCl^  =  0.007122  g.  Fe. 

Sample. 

c.c.  TiClg                                     %  Fe. 

.1041 

5.62  56.4b 

.1014 

5.51  36.96 

.0965 

4.92  56.39 

.1056 

5.28  55.61 

.1271 

6.67  37.57 

(5) 
Table  IV. 

Ore  contains  39.07%  Fe.  1  c.e.  TiCl3  =  0.00684^  g.  Fe. 

Sample,  c.c.  TiClg  %  Fe. 

.1487  7.89  36. ol 

.1062  5.77  37.18 

.0973  5.2£  56.71 

because  of  the  irregular  and  uniformly  low  results  shown 
in  Tables  III  and  IV,  and  also  on  account  of  the  numerous  cases 
in  which  a  refusion  was  necessary,  it  was  considered  desirable 
to  find  a  more  suitable  method  for  the  preparation  of  the  solution. 

A  fusion  with  sodium  carbonate  and  potassium  nitmte  and 
the  subsequent  extraction  with  boiling  water,  as  given  in  the 
Barneby  -  Isham^  method  for  the  determination  of  titanium  was  next 
tried.    A  sample  of  the  ore  weighing  0.1  -  0.£  g.  was  fused  with 
10  g.  o±"  sodium  carbonate  and  0.25  g.  of  potasriura  nitrate  for 
thirty  minutes  in  a  platinum  crucilble.     The  crucible  was  next 
placed  in  boiling  water  and  after  the  fusion  mass  had  been  ex- 
tracted the  solution  was  filtered,  the  ferric  oxide  and  sodium 
titanate  being  collected  upon  the  filter.     Any  residue  was  now 
dissolved  from  the  crucible  with  dilute  hydrochloric  acid  and  this 
solution  poured  through  the  filter,  the  ferric  chloride  and  titan- 
ium chloride  being  received  in  a  clean  flask.    After  completely 
dissolving  the  precipitate  from  the  filter,  the  solution  was  ti- 
trated with  the  titanous  chloride  solution,  with  the  following 
results : 

SJ.  Am.  Chem.  Soc. ,  32,  957  (1910). 


(6) 
Table  V. 

Ore  contains  £9.07  %  Fe.  1  c.c.  TiCl5  =  0.007122  g.  Fe. 

Sample.  c.c.  TiClg  fo  Fe. 

.0995  6.80  48.77 

.1529  10.50  55.20 

.1216  7.99  47.21 

It  seemed  quite  evident  from  these  results  that  some  inter- 
fering substance  was  present  in  these  solutions,  and  to  confirm 
this  the  following  experiments  were  carried  out  with  an  iron  ore 
containing  69. £%  of  iron,  as  ana] y zed  by  the  Bureau  of  Standards. 

A  sample  of  this  ore  was  fused  with  sodium  carbonate  alone, 
extracted,  filtered,  dissolved  as  given  above,  and  titrated  with 
the  titanous  chloride  solution,  with  the  following  results: 

Table  VI. 

Ore  contains  69.2  %  Fe.  1  c.c.  TiClg  -  0.00712E  g.  Fe. 

Sample.  c.c.  TiCl^  %  Fe. 

.1566  15.44  69.06 

.1295  12.60  69.50 

.2275(pure  Ti<>2  added)  22.16  69.22 


Mean  69.19 
Another  sample  of  the  same  ore  was  fused  as  above  with  the 
exception  that  0.25  g.  of  potassium  nitrate  was  added  before 
fusing.     The  results  were  as  follows: 
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Table  VII. 


Ore  contains  69. £  %  Fe . 

Sample . 

.1401 

.1429 

.1521 


1  c.e.  TiClg 


c.c.  TiCl 
13.84 
14.28 
15.24 


8 


0.007122  g.  I'e. 
%  Fe. 
70.^6 
71.17 
71.36 


Mean  70.96 
It  appears  quite  likely  that  the  nitrate  is  the  disturbing 
factor,  due  to  either  nitro  compounds  held  in  the  insoluble  residue 
which  would  react  with  the  indicator  in  acid  solution,  or  to  plati- 
num dissolved  from  the  crucible.     That  this  amount  of  dissolved 
platinum  is  quite  appreciable  is  shown  by  the  following  table. 

Table  VIII. 

Crucible  I  Crucible  II 

Loss  in  grams  per  fusion  0,0156  0.0181 

0.0218  0.0119 
0.0147  0.0142 
0.0127  0.0155 


Average  loss  per  fusion  0.0164  0.0155 

Since  the  nitrate  was  now  to  be  excluded  from  the  fusion 
provision  had  t  o  be  made  for  the  presence,  in  the  ferric  condition, 


of  all  the  iron  contained  in  the  solution  to  be  titrated. 


fter 


consideration  of  the  various  oxidizing  agents,  sodium  peroxide  was 
chosen  because  of  the  ease  with  which  the  excess  might  be  decom- 
posed upon  boiling  the  solution.     Several  analyses  were  carried 
out  in  which  the  ore  was  fused  with  sodium  carbonate  alone;  and, 
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after  the  solution  of  the 

mass  in  hydrochloric  acid,  a  small 

amount  of  sodium  peroxide 

was  added  and  the  solution  boiled  for 

ten  minutes.     The  results 

were  as  follows: 

Table  IX. 

Ore  contains  39.07  %  Pe. 

1  c.c.  TiCl^  =  0.007122  g.  Pe. 

Sample. 

c.c.  TiCl£                                  °/o  Fe. 

.U£l 

6.31  40.09 

.1833 

7.55  39.27 

,12£7 

7.01  40.68 

.1394 

7.66  59.16 

.1794 

9.89  39.26 

.1894 

10.60  39.86 

•  iCtD9 

lo.i /  .CO 

Mean  39.67 

In  order  to  prove 

the  necessity  of  adding  some  sort  of 

oxidizing  agent,  analyses 

were  made  by  fusing  the  ore  with  sodium 

carbonate  alone,  .and  without  the  addition  of  an  oxidising  agent 

to  the  hydrochloric  acid 

solution.     The  results  were  as  follows: 

Table  10. 

Ore  contains  59,07  %  Pe. 

1  c.c.  TiCls  =  0.006843  g.  Pe. 

Sample. 

c.c.  TiClg                                   %  Pe. 

.1809 

10.30  38.96 

.1556 

8.54  38.04 

.1305 

7.40  38.81 

.1983 

10.77  37.17 

Mean  38.24 

(9) 


These  results  show  clearly  that  in  the  case  of  fusi  on  with 
sodium  carbonate  the  iron  cannot  be  assumed  to  be  present  entirely 
in  the  ferric  condition.     With  the  idea  that  the  high  results  ob- 
tained when  sodium  peroxide  was  used  as  the  oxidizing  agent  might 
be  due  to  the  incomplete  decomposition  of  the  excess,  another 
series  was  run  in  which  the  solution  was  boiled  for  twenty  minutes 
after  the  peroxide  was  added;  the  results  were  as  follows: 

Table  XI. 

1  c.c.  TiCl*  =  0.006843  g.  Fe. 
c.c.  TiClg  %  Fe. 

7.52  39.65 
6.87  40.18 
7.58  39.26 


Ore  contains  39.07  %  Fe. 

Sample. 

.1297 

.1170 

.1321 


Mean  39.69 
It  would  seem  from  the  data  contained  in  Tables  IX,  and 
XI  that  the  boiling  of  the  solution  did  not  serve  to  entirely 
decompose  the  excess  of  the  sodium  peroxide;  it  is  possible  that 
the  titanium  was  partially  oxidized  to  pertitanate,  and  that  this 
interfered  with  the  exact  titration  of  the  iron. 

The  next  procedure  was  to  precipitate  the  iron  and  titan- 
ium hydroxides,  after  the  oxidation  with  peroxide,  by  pouring  the 
hot  hydrochloric  acid  solution  into  an  excess  of  ammonia.  The 
solution  wat  next  filtered  and,  after  washing,  the  precipitate 
whs  taken  up  in  dilute  hydrochloric  acid.    After  cooling  this 
solution  was  titrated  with  the  titanous  chloride,  with  the  follow- 
ing results: 
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Table  XII. 

Ore  contains  39.07  %  Fe.  1  c.c.  TiClg  =  0.003E75  g.  Fe. 

Sample.  c.c.  TiCl^  c/c  Fe. 

(1)  .1394  16.75  £9.35 

(2)  .1545  16.46  39.13 

(3)  .1544  18.40  39.03 

(4)  .1123  13.93  40.45 

In  this  series  it  was  noted  that  number  (1)  had  a  slightly- 
yellow  tinge  before  titration,  that  numbers  (£)  and  (b)  were  of  a 
greenish  color,  and  that  number  (4)  was  distinctly  yellow.  These 
facts  when  tuken  in  connection  with  the  results  obtained,  give 
an  explanation  of  the  high  results  of  Tables  IX,  XI,  and  XII.  The 
pertitanate  which  is  formed  in  the  presence  of  the  peroxide,  and 
whose  yellow  color  furnishes  the  basis  of  a  well  known  colorimetric 
test  for  titanium,  was  not  entirely  destroyed  by  boiling,  nor  was 
it  washed  entirely  nut  of  the  hydroxide  precipitate  when  the  re- 
sults of  Table  XII  were  obtained.     This  pertitanate  is  reduced 
slowly  by  the  titan ous  chloride  solution  and  is  likewise  slowly 
reduced  by  boiling,  so  that  the  error  of  determination  depends  upon 
the  excess  of  peroxide  added,  the  time  of  coiling,  and  the  time 
consumed  in  carrying  out  the  titration. 

Two  possible  modifications  were  now  available:    First,  to 
use  some  other  oxidizing  agent,  such  as  bromine  water,  and  after 
expelling  the  excess,  to  titrate  the  original  solution.  Second, 
to  oxidize  with  bromine  w*:ter,  precipitate  the  iron  and  titanium 
as  hydroxides,  filter,  wash,  dissolve  the  hydroxides  in  hydrochloric 
acid,  and  titrate. 
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The  second  modification  was  chosen  because  of  the  follow- 
ing advantages;  first,  the  excess  bromine  is  destroyed  by  the 
ammonia  solution,  making  the  long  boiling  of  the  acid  solution 
unnecessary,  and  second,  the  fused  mass  can  be  dissolved  directly 
in  hydrochloric  acid,  thus  eliminating  the  tedious  extraction  with 
hot  water. 

The  procedure  is  in  detail  as  follows:     Fuse  a  0.1  -  0.£ 
gram  sample  of  the  ore  with  12  -  15  grams  of  sodium  carbonate  in 
a  platinum  crucible  for  not  less  than  rcQ  minutes.     Separate  the 
fused  mass  from  the  crucible,  place  in  a  beaker,  and  add  dilute 
hydrochloric  acid.    Any  adhering  particles  are  dissolved  from  the 
crucible  with  warm  dilute  acid  and  added  to  the  contents  of  the 
beaker.    This  mixture  is  diluted  to  150  -  200  c.c,  heated  to  com- 
plete solution,  and  treated  with  10  c.c.  of  bromine  water.  The 
hot  solution  is  then  poured  into  an  excess  of  ammonia.     The  pre- 
cipitate is  filtered  off,  washed  with  water  until  almost  free  of 
chlorides,  and  dissolved  out  into  a  clean  flask  by  means  of  hot 
hydrochloric  acid.    After  dilution  with  100  c.c.  of  cold  water, 
6  c.c.  of  a  saturated  solution  of  potassium  sulphocyanate  are 
added,  and  the  solution  is  titrated  with  standard  titanous  chloride 
the  end  point  being  indicated  by  a  change  from  red  to  colorless. 
Knowing  the  iron  equivalent  of  each  cubic  centimeter  of  reducing 
solution,  the  percentage  of  iron  in  the  sample  is  easily  calculated 
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Using  this 

method 

the  following  analyses 

were  made. 

Table  XIII. 

Ore  contains  29.07 

%  Fe. 

1  c.c. 

TiClg  = 

0.002258  g.  Fe. 

Sample . 

c.c.  TiClg 

fe  Fe. 

•  1269 

15.20 

29.28 

.1276 

15.21 

29.09 

.1853 

16.22 

29.12 

.1220 

15.97 

£9.41 

.1544 

18.40 

28.82 

.1545 

18.46 

28.92 

.12  94 

16.75 

29.15 

Mean 

29.11 

Table  XIV. 

Ore  contains  29.07 

%  Fe. 

1  c.c. 

TiClg  - 

0. 

002200  g.  Fe. 

Sample • 

c.c.  TiClg 

fa  Fe. 

.1224 

15.02 

29.27 

.1144 

14.02 

29.24 

.1014 

12.28 

29.07 

.1104 

12.49 

29.10 

.1165 

14.25 

29.11 

lean 

29.16 

(13) 

Tsble  XV. 

Ore  contains 

3.64 

%  Fe. 

1  CO. 

TiClg  =  0.002460  g.  Fe. 

Sample . 

c.c.  TiClg 

°/o  Fe. 

.2155 

3.28 

3.75 

.1647 

2.47 

3.69 

.1665 

2.61 

3.81 

.1737 

2.55 

3.62 

.1784 

2.68 

3.70 

.2262 

3.35 

3.64 

Mean  3.70 

Table  XVI. 

Ore  contains 

3.64 

%  Fe. 

1  c.c. 

TiClg  s  0.004614  g.  Fe. 

Sample. 

c.c.  TiClg 

%  Fe. 

.1864 

1.49 

3.68 

.1161 

0.92 

3.66 

.1349 

1.10 

3.76 

♦  1247 

0.98 

3.63 

Time  of  analysis  - 

2  1/2  hours. 

Mean  3.68 

(14) 
Conclusion. 

The  close  agreement  and  accuracy  shown  in  the  above 
analyses  of  titaniferous  iron  ores  of  "both  high  and  low  iron 
content  proves  that  the  method  of  fusing  the  ore  with  sodium 
carbonate  (without  removing  the  silica),  dissolving  the  mass  in 
hydrochloric  acid,  oxidizing  with  bromine  water,  separating  the 
iron  (and  titanium)  by  means  of  ammonia,  redissolving  in  hydro- 
chloric acid,  and  the  subsequent  titration  of  the  solution  with 
titanous  chloride,  is  a  very  satisfactory  one  for  the  tfetermina 
tion  of  iron  in  such  ores. 


